Introduction
The pyrazolate heterocycle is a well established and use ful bridging unit in bimetallic complexes.(I] Further preor ganization of the two metal ions as well as modulation of their structural and electronic properties can be achieved by attaching chelating side arms to the 3-and 5-positions of the heterocycle. [2, 3] The majority of such pyrazolate-derived dinucleating ligand scaffolds are symmetric, which means that these scaffolds provide two identical coordination pockets and favor the formation of homo bimetallic com plexes. Unsymmetrical pyrazolate ligands that allow the tar geted assembly of heterobimetallic complexes, despite the intriguing metal ion cooperativity that can be expected for those systems, [ 4 ] are relatively scarce due to their more la borious synthesis.l5] An interesting situation with respect to the mutual effects of the proximate metal ions arises when the distinction between the two binding sites becomes very pronounced, such as in hybrid systems that contain an or ganometallic subunit next to a classical Werner-type sub unit.
[a] Institut fUr Anorganische Chemie, Georg-August-Universitiit G6ttingen Tammanstra13e 4, 37077 G6ttingen, Germany Fax: +49-551-393063 E-mail: franc.meyer@chemie.uni-goettingen. Wc have recently rcported a series of un symmetrical homo-and heterobimetallic complexes of type A that for mally combine an organometallic CpMn(COh fragment B and a classical subunit of type C (Scheme 1). [6 -8] The latter is reminiscent of the tripodal tetradentate tris(pyridylmeth yl)amine systems that are well established in mononuclear coordination chemistry.l9] Manganese(II), cobaJt(II), or zinc(II) ions with different co-ligands X can be accommo dated in the Werner-type compartment of complexes A, with only subtle changes of the spectroscopic and redox properties of the organometallic site. [6] [7] [8] It appears that the two metal ions in these complexes are electronically quite independent. In contrast, strong electronic coupling was observed in the symmetric dimanganese complex D, which was shown to undergo two sequential metal-centered one electron oxidations with fast intramolecular thermal elec tron transfer (kET '" 2.6 X 1010 S-1 at 298 K) in the mixed valent MnlMnIl species, which has a formal low-spin d5d6 electronic configuration.llO] The coincidence of the 7[ plane of the heterocycle with the mirror plane of the Mn(COh moiety in D is an ideal arrangement for Mn-pyrazolate 7[ interactions and hence for electronic communication be tween the two Mn centers. llO-12] In the present work we have now investigated a series of new heterobimetallic complexes of type A with nickel(II) in the tripodal tetradentate {N4} coordination site and dif ferent counteranions Y. A large separation of the metal centered redox potentials was anticipated for this particular combination since oxidation of the manganese ion might
occur easily while nickel(I) or nickel(III) should be much harder to access. It therefore appeared interesting to probe whether one-electron redox processes would be strictly con fined to one site and to what extent a mutual influence of the adjacent metal ions might be discernible for the Mn/Ni case.
Results and Discussion

Synthesis and Structural Characterization of the Complexes
Cymantrene derivatives 1 and 2 are the basic scaffolds for this particular class of heterobimetallic complexes (Scheme 2). They were prepared in several steps from sim ple pyrazole derivatives as reported previously, [6] with dif-. ferent lengths of the pyridylalkyl side-arms appended to the pyrazole heterocycle. The latter variation allows us to probe the effect of small changes of the Werner-type {N4} binding pockets on the properties of the bimetallic array. Photolysis of 1 or 2 with a high pressure mercury lamp in a quartz tube at -40 °C leads to CO release and intramolecular coor dination of the pyrazole nitrogen atom to manganese, and subsequent deprotonation with one equivalent of KOtBu followed by addition of the appropriate nickel salt [Ni-4680 (N03h-6 H20 or Ni(OAc)z-4H20j fills the {N4} donor com partment. This synthetic sequence is best carried out as a one-pot reaction.
Single crystals of 3-dmf, 4, and 5 were obtained by slow diffusion of Et20 into dmf solutions of the products (Scheme 3), and details of the constitution of all three com plexes were elucidated by X-ray crystallography. The molec ular structures are depicted in Figures I, 2 , and 3, together with selected interatomic distances and bond angles. The pyrazolate bridges the two metal ions in all three complexes 3-5 and the nickel(II) is hosted in the classical {N4} coordination site, as anticipated. Only complex 3 fea tures crystallographically imposed mirror symmetry. Sixfold coordination of the nickel ion is completed by (slightly asymmetric) bidentate coordination of either a nitrate (3, 4) or acetate anion (5), which results in a strongly distorted octahedral environment of the metal center. The metal metal separation depends strongly on the length of the li gand side-arms. Thus, a larger Mn---Ni distance of around 4.50 A is induced by the longer chelate arms in 4 and 5 whereas a distinctly shorter distance of 4.25 A is observed for 3. This variation is accompanied by different chelate arrangements of the Werner-type site: in the case of the shorter side-arms (3) the pyridyl nitrogens are located trans to each other and a nitrate oxygen is trans to the pyrazolate plexes with the same pyrazole-based ligands. [6.8] The bind ing mode of the acetate or nitrate co-ligand (chelating, semi-chelating, or monodentate) depends on the radii and the particular stereoelectronic preferences of the metal ion in the {N4} binding pocket.
The Ni-OIN bond lengths of 3-5 lie within the range usually reported for octahedral nickel(II) complexes with a comparable N40 2 coordination sphere.l13] In particular, embedding of the nickel ion in the {N4} pocket is reminis cent of the situation found for a mononuclear nickel(II) ace tate complex of type C with the tripodal tetradentate tris (pyridylmethyl)amine (TPA) ligand E.[1 4 ] This is in line with the description of complexes 3-5 as hybrids of an organo metallic type B and a classical type C subunit. In the case of E, however, the acetate co-ligand is only monodentate and the remaining coordination site is occupied by a water molecule.
A comparison of the Mn-Cg (Cg defines the centroid of the ring atoms of the cyclopentadienido-anion), Mn-CO, Mn-N, and C==O bond lengths of 3-5 and related Mn/Zn, Mn only (6) Mn"'Co (8) Mn"'Zn [ 6) Mn"·Ni Mn/Co, and Mn/Mn complexes, as well as complexes where the {N4} site is unoccupied, reveals that the choice of metal in the classical Werner-type site seems to have only a small influence on the bonding parameters of the organometallic CpMn(CO)z site (Table I) . Only the CO-Mn-N angles ap pear to be somewhat flexible and span a range from 94.8° to 104.1° (Table 1) . In order to visualize the extent of preorganization and the flexibility of the dimetallic arrangement based on 1 and 2, a superposition of the pyrazolate-bridged cores of all Mn/Mn, Mn/Co, Mn/Ni, and Mn/Zn dinuclear complexes with either short or long chelate arms is shown in Figure 4 . Structural variations should reflect the conformational free dom of the pyrazolate-centered dimetallic array, with the metal ions swinging above and below the heterocyclic plane. It seems that the range of displacements out of the plane of the pyrazolate heterocycle that is accessible to the two metal ions is greater in the case of the longer (and more flexible) side-arms at the {N4} compartment. The maxi mum angle between the pyrazolate plane and the NI-Mn bond is I I.I ° for systems derived from 1 and 22.5° for sys tems derived from 2; the maximum angle between the pyra zolate plane and the N2-M bond is 14.5° for systems de rived from 1 and 17.9° for systems derived from 2.
Spectroscopic and Electrochemical Trends
All Mn/Ni complexes show two strong IR bands of sim ilar relative intensities for the vas(CO) and vsCCO) vi brations of the {Mn(COh} fragment at around 1900 and 1825 cm-I , respectively (Table 2) . Neither the chelate ring size of the {N4} ligand compartment (3 vs. 4) nor the co ligand at nickel (nitrate in 4 vs. acetate in 5) seem to have any considerable effect on the energies of the CO stretches. Complex 5 features strong bands at 1550 and 1447 cm-I that are absent in the spectrum of 4 and are thus assigned to the acetate ligand. The small difference between vasCCOO) and vs(COO) is in accordance with bidentate ace tate coordinationP5J
Cyclic voItammograms in MeCN (3) or dmf (4, 5) solu tion feature a reversible redox wave in the range E I / 2 = -0.50 to -0.66 V and an irreversible reduction at much lower potential (Table 3) .[16J The cyclic voltammograms of 4 and 5 depicted in Figures 5 and 6 [a] dce = 1,2-dichloroethane. (3 vs, 4) or of the co-ligand at nickel (4 vs. 5) on the Mnl/Mnll redox potential suggest a certain degree of electronic communication between the proximate metal ions. For example, the oxidation wave of the nitrate com plex with shorter chelate arms at nickel (3) is shifted anodi cally by 60 m V with respect to the congener with longer chelate arms (4), and the more electron-donating acetate at nickel facilitates oxidation of the manganese site by 100 mV (5 vs. 4). These trends are in good agreement with findings for the related Mn/Mn, Mn/Co, and Mn/Zn systems.l6-8 J Table 3 . IR and UVIVis spectroelectrochemistry have proven valuable for establishing the site of redox processes in such heterobimetallic complexes and to characterize the resulting species. Oxidation of the Mn/Ni systems 3-5 in 1,2-dichlo roethane (dce) was thus followed by IR and UVIVis spec troscopy in an OTTLE cell ( ment upon generation of the oxidized species 3+-5+. The slightly lower intensity of the new bands is in agreement with our expectations since spectral intensities in M-CO moieties usually decrease with increasing oxidation state.[IS J The shift of about 125 cm-i to higher frequencies is very similar to the shift observed in the corresponding Mn/Zn, Mn/Co and Mn/Mn complexesJ6-8J It is typical for a one unit increase in the oxidation state of the metal ion and reflects the diminished back bonding ability in the oxidized CpMnll(COh subunit. This confirms that the anodic pro cess in the present Mn/Ni systems is fully localized at the organometallic site, which means that nickel remains in the + II oxidation state. The presence of several isosbestic points confirms clean conversion between the MnINill and Mnll Nill species. However, the original spectra of the starting materials 3-5 are not fully restored upon re-reduction. Furthermore, the intensities of the CO stretching vibrations The oxidation of 3-5 is accompanied in UV/Vis spectro electrochemistry by the appearance of a new band peaking in the range 395-421 nm (3: 415 nm; 4: 396 nm; 5: 421 nm, Figure 8 and S3, S4). The rise of a similar band at about 400 nm has also been observed upon oxidation of the corre sponding Mn/Zn, Mn/Co and Mn/Mn systems[6-SJ and can thus be safely assigned to the n(pyrazo1ate)-7 CpMnlT (COh LMCT transition, which is obviously relatively insen sitive to the identity of the metal ion within the adjacent Werner-type {N4} compartment.
According to IR spectroelectrochemistry, reduction of 4 is also an almost reversible process. Shifts to lower energy in the CO stretching range are only minor (Figures 9 and  10 ; 19061l829-719021l827 cm-I for 4; 19061l829-7l8961 1819 cm-I for 5), in accordance with the idea that reduction occurs within the nickel subunit. It is interesting to note, however, that the CO stretches are clearly more affected in 5, where a noticeable shift of 10 cm-I is observed compared to an almost negligible shift of about 3 cm-I for 4. Since 4 and 5 are derived from the same pyrazolate-based ligand scaffold, this distinction must stem solely from the different anion at nickel (nitrate vs. acetate). Re-oxidation of 5-does not reproduce the original spectrum but gives rise to a new species with two IR bands that are shifted by 18 cm-I to lower energy with respect to the CO absorptions of 5. While the typical pattern of two CO stretches suggests that the integrity of the CpMn(COh subunit is retained, the chemi cal reaction that apparently follows upon electrochemical reduction may involve a ligand exchange at nickel or ligand fragmentation at the Werner-type site. The rather different behavior of 4 and 5 upon reduction is in accordance with the strongly different reduction potentials determined elec trochemically for these two complexes (compare Figures 5  and 6 ). 
Conclusions
The present set of Mn/Ni complexes complements a series of unique heterobimetallic systems in which an orga nometallic CpMn(COh fragment is bridged via a pyrazol ate to a nearby metal ion (Mn2+, C02+, Ni2+, Zn2+) that is nested in a classical Werner-type compartment with an {N4} donor set. The pronounced asymmetry of the bimetal lic array results in strong localization of redox events in those systems: oxidation occurs at relatively low potential and is strictly confined to the organometallic site, while re duction (in the case of Mn2+, C02+, or Ni2+ as the second metal ion) appears to occur solely within the Werner-type subunit, with very little mutual interaction. Ligand varia tions at the {N4} compartment (such as different lengths of the chelate arms or different co-ligands) exert only minor influences on the CpMn(CO)z fragment, but have a clear effect on the properties of the second metal ion, as ex pected. Further modifications of the Werner-type subunit, including donor sets other than the tripodal tetradentate {N4} motif of the present complexes, should allow us to shift the redox potential of the second metal ion closer to that of the organometallic Mn site. It will be interesting to monitor the changes of intermetallic communication that might accompany such modifications and to probe the cooperative redox transformation of substrates that bind to the second metal but exploit the strong reduction potential of the nearby organometallic site. 
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